The objective of the present study was to estimate heritabilities and genetic correlations for semen and litter size traits using full animal model analyses. Litter size data were available from 28,485 Czech Large White and 10,410 Czech Landrace sows farrowing between 1995 and 2008. The number of litter records was 91,922 and 30,937, respectively. Records on semen traits (37,137 ejaculates from 778 Large White boars and 51,341 ejaculates from 841 Landrace boars) were available from 22 AI centers in the Czech Republic from 2000 to 2009. All calculations were carried out separately for each breed. Number of functional sperm was defined as total number of sperm times the fraction of motile sperm times (1 -the fraction of abnormal sperm). Among the semen traits, semen volume showed the greatest heritability (0.20 ± 0.019 in Large White and 0.25 ± 0.018 in Landrace), followed by sperm concentration with a heritability of 0.18 (SE = 0.012 and 0.014) in both breeds. The heritabilities of the remaining 4 traits (motility, percentage of abnormal sperm, total number of sperm, and number of functional sperm) were around 0.10 (SE = 0.016 to 0.031). Large negative genetic correlations were observed between semen volume and sperm concentration and between motility and percentage of abnormal sperm, especially in Large White. Positive and negative correlations among remaining semen traits were mostly of small magnitude. There was a tendency for increasing litter size to be associated with slight decreases in the total number of sperm and in the number of functional sperm, especially in the Large White breed (genetic correlations of −0.08 to −0.14 and −0.16 to −0.31, respectively, with SE between 0.100 and 0.114). Some of the correlations between semen and litter size traits (especially with the percentage of abnormal sperm) were breed-specific (positive up to 0.63 ± 0.062 for Large White and negative until −0.41 ± 0.106 in Landrace). Furthermore, parity-specific correlations were observed in the Large White breed. 
INTRODUCTION
Breeding objectives in swine improvement programs generally have been dominated by production traits (meat quantity and quality, feed conversion, growth traits) and, especially in dam breeds and lines, by female reproductive traits (mainly litter size). Little or no selection has been exerted for male reproductive traits such as semen quantity or quality.
According to Robinson and Buhr (2005) , commercially important traits should not be the sole criteria for selection, because this strategy could ignore, and possibly select for, reduced semen production. Therefore, semen traits, important to the AI centers, should be scientifically investigated to determine heritabilities and permit their inclusion in selection indices. Genetic parameters for boar semen traits have been estimated in several papers (Grandjot et al., 1997a,b; Smital et al., 2005; Oh et al., 2006b, Oh and See, 2008; Wolf, 2009b) , all providing evidence of at least some genetic control. Wolf and Smital (2009a,b) published models for the EBV for semen traits that have been used for the genetic evaluation of boars of dam and sire breeds in the Czech Republic. With inclusion of the breeding values for semen traits into a joint selection index with production and female reproduction traits, knowledge of the genetic correlations between the semen traits and the remaining traits is necessary. Some pertinent infor-mation is available Oh et al., 2006a; Wolf, 2009a) . However, only very limited information is available on the relations between semen and litter size traits (Falkenberg et al., 1989; Smital et al., 2005) . Falkenberg et al. (1989) published only phenotypic correlations. Grandjot et al. (1997b) and Smital et al. (2005) calculated the genetic parameters from average values for repeated ejaculations from boars, which made it difficult to correctly take environmental effects into account and to separate genetic from permanent environmental influences. Therefore, the objective of the present study was to estimate heritabilities and genetic correlations for semen and litter size traits in swine using full animal model analyses.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because the data were obtained from an existing database (database of the Association of Pig Breeders in the Czech Republic).
Data Sets for Litter Size Traits
Litter size data were available from Czech Large White and Czech Landrace sows farrowing between 1995 and 2008. Number of piglets born (NB), number of piglets born alive (NBA), and number of piglets weaned (NW) were considered where the first litter vs. all subsequent litters (parities 2 and greater) were treated as 2 separate traits, resulting in 6 litter size traits altogether (NB1, NB2+, NBA1, NBA2+, NW1, and NW2+).
For data to be retained for analysis, the following conditions had to be fulfilled: the gestation length was between 105 and 125 d. The minimal age for first litter farrowing was 300 d. Parities greater than 10 were not considered. The age of the sow for parities 1 to 10 had to be in the following intervals: 300 to 500 d, 450 A flexible allocation of records to herd-year-season classes was applied. Herd-year-season classes were preferably formed according to natural seasons (spring, summer, fall, winter) and normally had a length of 3 mo: March through May, June through August, September through November, and December through February of the following year. The minimum total number of records for each herd-year-season class was 16 (i.e., if the number of observations in a 3-mo interval was too small, the time interval was extended until 16 was reached). Because it could happen that no records in a herd were available in certain time intervals, it was ensured that the minimal time interval between the first and the last record in a herd-year-season class was not less than 30 d. For example, assume that there were no observations during March and April and the first half of May. Then, independent of the number of observations in the second half of May, that season did not end before mid-June. After applying all restrictions and forming herd-year-season classes, 86% of the Large White sows and 84% of the Landrace sows remained in the final data sets with 87 and 86% of the original litter size records, respectively.
Summary statistics for the litter size data sets are given in Table 1 . The data set for Large White was about 3 times as large as the data set for Landrace. The 2 breeds had similar reproductive performance.
Data Sets for Semen Traits
Records on semen traits were available from 22 AI centers in the Czech Republic from January 2000 through April 2009. The following characteristics were measured on each ejaculate: semen volume or ejaculate volume [i.e., volume of the sperm rich fraction measured by graduated cylinder (Vol, in mL)], sperm concentration measured by photocolorimetry (Con, in 1,000 sperm cells per mm 3 ), motility evaluated microscopically as proportion of sperm cells actively moving (Mo, progressive motion of spermatozoa in percent), and percentage of abnormal sperm also evaluated microscopically (Ab, percentage of deformed sperm cells). The total number of sperm in the ejaculate (N total , in 10 9 sperm cells) was calculated as
and the number of functional sperm (N func , in 10 9 sperm cells) was estimated (Smital et al., 2004) as
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The first semen collection from each boar and semen collections with an interval of 1 d or less or more than 21 d after the previous collection were not included in the analyses. Only records which fulfilled the following conditions were considered: the minimum number of ejaculates per AI center was 100, the minimum number of ejaculates per AI center by year subclass was 20, and the minimum number of semen collections per boar was 5. Furthermore, trait values for individual ejaculates had to be within the following intervals: semen volume 50 to 600 mL, sperm concentration 50 × 10 3 to 900 × 10 3 sperm per mm 3 , motility 50 to 100%, percentage of abnormal sperm 0 to 30%, total number of sperm 5 × 10 9 to 200 × 10 9
. The age of the boar at collection had to be between 8 and 48 mo. After applying all restrictions, 84 and 89% of the boars and 82 and 84% of the ejaculates, respectively, remained in the final data sets for semen traits for Large White and Landrace boars.
To form age classes, the age of each boar in months at each collection was calculated. Age classes with monthly intervals were used up to an age of 28 mo. For animals aged between 29 to 38 mo, 2-mo intervals were formed. For animals over 38 mo of age, the following 3 classes were formed: 39 to 41 mo, 42 to 44 mo, and 45 to 48 mo.
Preliminary graphical analyses showed that all measured traits were most sensitive to changes in the interval between 2 semen collections from the same boar when that interval was short (up to 10 d). Therefore, for intervals less than 11 d, classes were formed with an interval of 1 d. For intervals of 11 d and more, the following 3 classes were formed: 11 to 12 d, 13 to 15 d, and 16 to 21 d.
The number of boars, number of ejaculates, average number of ejaculates per boar and the means and SD of semen traits for both breeds are summarized in Table 2 . All these numbers refer to the edited data set.
Statistical Analyses
All calculations were carried out separately for each breed. Genetic parameters were estimates from 6-trait and 3-trait animal models in which 2 litter size traits always were combined with the 4 measured semen traits or with 1 derived semen trait (see Table 3 ). Total sperm number and number of functional sperm were mathematical functions of the 4 measured semen traits; therefore they could not be included in the multipletrait animal models together with the 4 measured semen traits but were incorporated into separate animal models.
There were 3 types of models used for the estimation of genetic parameters: for litter size traits in the first litter, for litter size traits in the second and subsequent litters, and for semen traits. The animal model for litter size traits in the first litter was is the fixed effect of the kth breed of the boar (Large White or Landrace; i.e., the litter may be purebred or crossbred); a m is the random effect of the mth sow; and e ijkm is the residual effect.
The animal model for litter size traits in the second and subsequent litters was Litter sizes (number born, number born alive, and number weaned) in the first litter and in the second and subsequent litters were treated as 2 different traits. The animal model for sperm traits was essentially the same as in Wolf and Smital (2009b) , omitting the breed effect as the analyses were carried out separately for breeds: 
where y ijklmn sp is the sperm characteristic measured on the nth ejaculate of the mth boar, month i is the effect of the ith season at collection (month), age j is the effect of the jth age class of the boar at collection, int k is the effect of the kth interval between present and the previous semen collection, center year l _ is the lth combined effect of the AI center and year, perm m is the random permanent environmental effect of the mth boar, a m is the random additive genetic effect of the mth boar, and e ijklmn is the residual effect.
For both data sets (female reproductive traits and male reproductive traits), the joined pedigree was traced back to approximately 1985. In Large White, 95.6% of the animals had ancestors from 3 or more generations, whereas 2.2% of the animals had only 1 generation of ancestors. In Landrace, the appropriate numbers were 94.0 and 3.9%. Table 4 provides statistics on the degree of relationship between the data sets of boars and sows. Whereas in Large White approximately 72% of the boars had daughters with litter size records (on average 14.1 daughters per sire), only 45% of the Landrace boars had daughters with reproductive data (on average 5.3 daughters per sire). Also, the average number of daughters per boar was considerably larger in Large White than in Landrace. Because 95% of the boars of both breeds had litter size records of half sibs, this relationship was an important connection between the data sets for litter size and semen traits. Summarizing all data from Table 4 , it can be concluded that the connection between the data sets for female reproductive traits and male reproductive traits is better in Large White than in Landrace.
Variances and covariances were estimated using REML and optimization by a quasi Newton algorithm with analytical gradients (Neumaier and Groeneveld, 1998) as implemented in the VCE 6.0 program (Groeneveld et al., 2008) . Residual covariances between traits not measured on the same animal at the same time were set to zero.
RESULTS
The (co)variance matrices and the derived parameters (proportions of variance, correlations) were calculated for each trait in 3 VCE runs (Table 3) . As the results from the 3 runs were nearly identical, the results of only 1 run (the run with the smallest number) are presented in subsequent tables. Although genetic parameters for litter size traits are presented in the tables for completeness, they are not or only briefly commented upon in the text, because there is already a large amount of published literature on genetic parameters of litter size traits in swine. Estimated as total number of sperm × (motility/100) × (1 -percentage of abnormal sperm/100).
Additive Genetic Parameters for Semen Traits
The heritabilities of semen traits were similar between breeds (Table 5) . Semen volume showed the greatest heritability (0.20 in Large White and 0.25 in Landrace), followed by sperm concentration with a heritability of 0.18 in both breeds. The heritabilities of the remaining 4 traits (motility, percentage of abnormal sperm, total number of sperm and number of functional sperm) fluctuated around 0.10. All heritability estimates were greater than their SE by the factor 5 to 10.
Large negative genetic correlations were observed between semen volume and sperm concentration and between motility and percentage of abnormal sperm, especially in Large White. The remaining correlations varied in sign, and most were small in numerical value.
Genetic Correlations Among Litter Size and Semen Traits
A substantial proportion of the estimated genetic correlations between litter size traits and the 4 directly Table 3 . Summary of traits included (x) in the individual VCE (Groeneveld et al., 2008) The averages are calculated for all boars in the corresponding data set (i.e., boars with no daughters, no full sibs, or no half sibs are also included). measured sperm traits did not differ significantly (P ≥ 0.05) from 0 (Table 6 ). Correlation estimates for Large White indicated that increased litter size (number born, number born alive, or number weaned) in the first litter was genetically associated with a slight increase in semen volume (0.18 to 0.21), a decrease in sperm concentration (−0.30) and motility (−0.39 to −0.49), and an increase in the percentage of abnormal sperm (0.55 to 0.63). In Landrace sows, however, variation in size of the first litter was not associated with variation in semen volume, sperm concentration or motility, but was associated with decreased percentage of abnormal sperm. Second and subsequent litter size were significantly correlated only with percentage of abnormal sperm. These correlations were positive in Large White (0.32 to 0.42) and negative in Landrace (−0.15 to −0.25).
The genetic correlation estimates between litter size traits and the total number of sperm assumed small negative values (around −0.10) with SE of similar magnitude (Table 7) . Also, the genetic correlations between litter size traits and the number of functional sperm were negative. The largest values (around −0.30) were estimated for the first litter of Large White sows. Estimates of approximately −0.20 were obtained for the correlations of litter size traits in second and subsequent litters and the number of functional sperm.
Estimates of Phenotypic and Nongenetic Parameters
Percentage of abnormal sperm showed the greatest variance proportion caused by the permanent effect (approximately 0.35 for both breeds; Table 8 ). The variance proportion for the permanent effect was around 0.20 for the remaining 5 semen traits. The phenotypic correlations and the correlations caused by the permanent effect among the 4 measured semen traits showed a similar behavior. In both cases, increased negative correlations around −0.50 were found between semen volume and sperm concentration and moderate negative correlations were estimated between motility and the percentage of abnormal sperm. The remaining correlations were very small and mostly nonsignificant. The permanent effect of the sow contributed 4 to 5% to the total (phenotypic) variance and the herd-year-season effect accounted for 4 to 10% of the total variance for the various litter size traits, with little difference observed between breeds (Table 9 ).
DISCUSSION

Additive Genetic Parameters for Semen Traits
Our results document heritabilities of semen traits ranging from 0.08 to 0.20 in Large White and from 0.10 to 0.25 in Landrace boars. These values are of similar magnitude or greater than heritabilities of litter size traits in those same breeds. Thus, they are sufficiently large to allow effective selection to improve such traits using animal model genetic evaluations.
A limited number of sources report estimates of genetic parameters for semen traits in swine. Grandjot et al. (1997a) calculated genetic parameters for sperm characteristics from a relatively large data set (50,749 (Groeneveld et al., 2008) runs of types 1, 2, and 3. Number born in first litter and number born in second and subsequent litters were included in runs of types 1, 2, and 3. The semen traits included were as follows: semen volume, sperm concentration, motility, and percentage of abnormal sperm for runs of type 1; total number of sperm for runs of type 2; and number of functional sperm for runs of type 3. All calculations were carried out separately for Large White and Landrace.
2 CLW = Czech Large White; CLA = Czech Landrace. 3 Vol = semen volume (mL), volume of the sperm-rich fraction measured by graduated cylinder. 4 Con = sperm concentration (10 3 sperm/mm 3 ), measured by photocolorimetry. 5 Mo = motility (%), evaluated microscopically as proportion of sperm cells actively moving. 6 Ab = percentage of abnormal sperm (%), evaluated microscopically as percentage of deformed sperm cells. 7 N total = total number of sperm per ejaculate (10 9 sperm). 8 N func = number of functional sperm per ejaculate (10 9 sperm), estimated as total number of sperm × (motility/100) × (1 -percentage of abnormal sperm/100).
ejaculates from 1,264 boars) using an animal model analysis of data from individual ejaculates. They estimated heritabilities of 0.14 to 0.18, 0.17 to 0.26, 0.05 to 0.18, and 0.17 to 0.25 for semen volume, sperm concentration, motility, and the total number of sperm in the ejaculate, respectively. Their estimates for semen volume, sperm concentration, and motility are in good agreement with our findings in the current study. Conversely, the heritability estimated for the number of sperm in the ejaculate was somewhat less in the current investigation than in Grandjot et al. (1997a) .
When genetic parameters for semen traits in these same Large White and Landrace populations were previously estimated on smaller data sets (Wolf, 2009b) , Table 6 . Estimates (±SE) of heritabilities of litter size traits for first litter (Ls1) and for second and subsequent litters (Ls2+), and estimates of genetic correlations between litter size traits and between litter size and 4 semen traits for Czech Large White and Landrace breeds Results from VCE (Groeneveld et al., 2008) runs of types 1, 4, and 7. Semen volume, sperm concentration, motility, and percentage of abnormal sperm were included in runs of types 1, 4, and 7. The litter size traits (always separately for the first litter and the second and subsequent litters) included were as follows: number born for runs of type 1, number born alive for runs of type 4, and number weaned for runs of type 7. All calculations were carried out separately for Large White and Landrace. Results from VCE (Groeneveld et al., 2008) runs of types 2, 3, 5, 6, 8, and 9. Total number of sperm was included in runs of types 2, 5, and 8; number of functional sperm was included in runs of types 3, 6, and 9. The litter size traits (always separately for the first litter and the second and subsequent litters) included were as follows: number born for runs of types 2 and 3, number born alive for runs of types 5 and 6, and number weaned for runs of types 8 and 9. All calculations were carried out separately for Large White and Landrace. 2 NB1 = number of piglets born in the first litter; NB2+ = number of piglets born in the second and subsequent litters; NBA1 = number of piglets born alive in the first litter; NBA2+ = number of piglets born alive in the second and subsequent litters; NW1 = number of piglets weaned in the first litter; NW2+ = number of piglets weaned in the second and subsequent litters. differences between the breeds in the heritability estimates were considerably larger than in the present report. The heritability estimates for Large White increased in our investigation compared with the earlier paper (Wolf, 2009b) : semen volume from 0.14 to 0.20, sperm concentration from 0.13 to 0.18, motility from Table 8 . Estimates (±SE) of the proportion of variance for the permanent effect of the boar (on diagonal), correlations caused by the permanent effect (above diagonal), phenotypic correlations (below diagonal), and phenotypic variances for semen traits for Czech Large White and Landrace breeds (Groeneveld et al., 2008) runs of types 1, 2, and 3. Number born in first litter and number born in second and subsequent litters were included in runs of types 1, 2, and 3. The semen traits included were as follows: semen volume, sperm concentration, motility, and percentage of abnormal sperm for runs of type 1; total number of sperm for runs of type 2; and number of functional sperm for runs of type 3. All calculations were carried out separately for Large White and Landrace.
2 CLW = Czech Large White; CLA = Czech Landrace. 3 Vol = semen volume (mL), volume of the sperm-rich fraction measured by graduated cylinder. 4 Con = sperm concentration (10 3 sperm/mm 3 ), measured by photocolorimetry. 5 Mo = motility (%), evaluated microscopically as proportion of sperm cells actively moving. 6 Ab = percentage of abnormal sperm (%), evaluated microscopically as percentage of deformed sperm cells. 7 N total = total number of sperm per ejaculate (10 9 sperm). 8 N func = number of functional sperm per ejaculate (10 9 sperm), estimated as total number of sperm × (motility/100) × (1 -percentage of abnormal sperm/100). (Groeneveld et al., 2008) runs of types 1, 4, and 7. Semen volume, sperm concentration, motility, and percentage of abnormal sperm were included in runs of types 1, 4, and 7. The litter size traits (always separately for the first litter and the second and subsequent litters) included were as follows: number born for runs of type 1, number born alive for runs of type 4, and number weaned for runs of type 7. All calculations were carried out separately for Large White and Landrace.
2 NB1 = number of piglets born in the first litter; NB2+ = number of piglets born in the second and subsequent litters; NBA1 = number of piglets born alive in the first litter; NBA2+ = number of piglets born alive in the second and subsequent litters; NW1 = number of piglets weaned in the first litter; NW2+ = number of piglets weaned in the second and subsequent litters. 0.06 to 0.08, percentage of abnormal sperm from 0.04 to 0.12, and total number of sperm from 0.06 to 0.10. Thus, 26,000 ejaculates from more than 600 boars as used in Wolf (2009b) were probably not enough to ensure estimates of heritabilities that would not change with additions to the data set.
Heritability estimates of semen traits from sire breeds (Wolf and Smital, 2009b ) that involved more than 150,000 ejaculates from over 2,000 boars were by 0.02 to 0.08 greater than the estimates from dam breeds from the present investigation. An exception was the heritability of motility, which equaled 0.05 in the sire breed analysis and 0.08 to 0.12 in the dam breeds.
Heritabilities estimated from mean values per boar (averaged over ejaculates) as given in Smital et al. (2005) were considerably greater than heritabilities estimated from the data for individual ejaculates. The disadvantage of using averaged values is that additive genetic and permanent environmental components cannot be separated. Therefore, genetic parameters estimated from average values are functions of the additive genetic variance and the permanent environmental variance and are probably confounded with additional environmental factors. For these reasons, records from individual ejaculates should be the preferred basis for the (co)variance estimation and breeding value estimation.
The negative genetic correlation that we observed between semen volume and sperm concentration, which was confirmed by Falkenberg et al. (1988) , Grandjot et al. (1997b) , Smital et al. (2005) , Oh et al. (2006a), and Wolf (2009b) , is unfavorable for selection meant to increase total number of sperm. On the other hand, the negative correlation between motility and the percentage of abnormal sperm, found also by Smital et al. (2005) and Wolf (2009b) , is favorable to selection to improve male reproduction.
Genetic Correlations Between Litter Size and Semen Traits
As opposed to litter size, which is probably relatively independent of the environmental conditions at farrowing, semen traits strongly depend on the collection conditions. Though we tried to include all known factors with an effect on semen traits in the equations for the (co)variance estimation, some additional factors might be unaccounted for. A further problem in parameter estimation is that litter size and semen traits are measured on different animals. For this reason, genetic correlations can be estimated only via relatives. The precision of the result will therefore depend on the relationship structure between the data sets of boars and sows. In our investigation, this structure was better for Large White than for Landrace (71.6 vs. 44.6% of boars with daughters and 14.1 vs. 5.3 daughters per boar on average, respectively). Furthermore, large data sets will be needed to get high-precision results.
To our knowledge, only 2 investigations have reported estimates of genetic correlations between litter size and semen traits Smital et al., 2005) . The results from those papers are summarized in Table 10 . Grandjot et al. (1997b) and Smital et al. (2005) calculated the genetic correlations from mean values of semen and reproduction traits of daughters per boar, so their estimates may be influenced by the boar or sow permanent environmental effects. Nevertheless, in agreement with our findings in the current study, Grandjot et al. (1997b) and Smital et al. (2005) reported negative correlations between total number of sperm and litter size traits.
In the following discussion, we exclude the results for the first litter of Large White when referring to our findings because they differ considerably from those from the first litter of Landrace and from the second Smital et al. (2005) differ from the results in the current study and of Grandjot et al. (1997b) where the absolute value of the correlation ranged from 0 to 0.11. Correlations between litter size traits and sperm concentration were near zero in the literature data (Table 10) , which is in good agreement with our estimates. Positive genetic correlations (from 0.22 to 0.35) between litter size traits and sperm motility given by Smital et al. (2005) are in contradiction with results of the current study, in which these correlations were near zero or negative. The correlations between the percentage of abnormal sperm and litter size traits seem to be breed-specific and may take either negative or positive values.
Estimates of Nongenetic Parameters
Although the permanent effect is mostly considered to be caused by environmental factors, it should be mentioned that nonadditive genetic effects may be part of this effect (Mrode, 2005) . Grandjot et al. (1997a) reported heritabilities and repeatabilities for semen traits in 3 boar lines. The resulting proportions of variance for the permanent effect were 0.12 to 0.19 for semen volume, 0.17 to 0.28 for sperm concentration, 0.25 to 0.47 for motility, and 0.23 to 0.24 for the total number of sperm per ejaculate. These values are similar to our estimates with the exception of motility, where we found values of 0.19 and 0.21.
In the Large White breed, the estimated proportions of variance for the permanent effect of the boar were somewhat smaller in our investigation than in our earlier study based on a smaller data set (Wolf, 2009b) . Only negligible differences between studies for permanent environmental effects were observed for Landrace.
Implications for Pig Breeding
In the Czech Republic, number of piglets born alive in the first litter and number of piglets born alive in the second and subsequent litters are an essential part of the selection index for dam breeds, including production and reproduction traits. Furthermore, breeding values for all semen traits evaluated in the present study are included in the current Czech national swine evaluation. Boars are selected mainly on the basis of the selection index for production and reproduction traits whereby additional information on the breeding values for semen traits is taken into account. It seems reasonable to continue including these traits in the Czech national evaluation program because the present study did not find genetic correlations that were sufficiently large enough and in the direction that would result in adversely affecting other economically important reproductive traits. Moreover, we found in sire breeds of pigs that selection on production traits will have no or very small favorable effects on overall semen production efficiency (Wolf, 2009a) . Though no basic changes in the selection program are suggested, the calculation of new estimates of the genetic parameters for semen traits is recommended using the largest available data set.
Conclusions
Particularly in the Large White breed, there is an apparent tendency for genes favoring increased litter size to slightly decrease total number of sperm and number of functional sperm per ejaculate. On the basis of current and previous results, some correlations among male and female reproductive traits (especially with the percentage of abnormal sperm) might be breed-specific. Furthermore, parity-specific correlations may occur, as shown in the Large White breed. Selection on semen traits should be effective given the magnitude of the heritability estimates in the present study.
